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Observations

① 2n
*
=4a(z) gid(a,1) =13

forms a group under multiplication

② Zn
=

2nX Zn2 When Gadsm,mc) =1

Chinese Renoinder Theorems



Unique Prime factorization



Greatestcommon divisors

Definition:Given two integers a, b

If a divides a and divides b then

& is a connot divisor of a and

The largest such value of d is called

the greatestcommon divisor ofa ,

b.

g2d(a,b)

Examples:Gad(1a, 18) =6



putegod
①

② Observe the following:Assume b=9.
case 1:a is a divisor of

9(d(a,b)
=0

Cased:b is nota divisor ofa

b =ag
+ocrcd

r =b- aq
↓

observe that a common divisor ofa and b is

also a common divisor of rand b

A common divisorof rand b is also a common.

divisor of a
and b. Hence,

g(d(b,a) =gcd(a,r) 0 <r<9.

~



Endidean Algoithce

a=2024,6 = 748

a =bq+r
b =rq, +r,

Vs =r,gz +r2

r=1293 +15
:

5 =

139++0

S

gcd(a,b) =gcd(b, 5) =gcd(r,r,) =gcd(r,r2) .
. . . .

=god(rk ,0)
-

&

r3



Extended Endidean Algonathon (Homework

Given two integers a,b, I integer u,v sit

qu +bu =g(d(d,b)



Application ofExtended EudidiaAlgorithms
->

2n* =5a)gcd(a,n) =13 forms a group

order multiplication

①closure:a,b7Xn*, apb7Zc*because gdcaAb, n =1

② identity: 1 *a =a*1 =a,17Zn

⑧ inverse
④

3 I

( ④associaticity:(by associatory ofmultiplicationover integers)->
③ We need to show that

VatznP,zbSitaxb = b*a =1nodn

see nextpage.

⑤



Theoem:Given integer 9, e, It sit

a.b =) God u iff gcd (9,n)
=1

a

-

.CE1 mode, then CFband

Proof:
< Ifgid(d,n)= 1, then 9b =land a for some b.

proof:By extended endideon algothn, since Godcod)
=

1

ab + nC = 1 for some b, c

·Take and l

ab = 1 had a

-> If a,b = 1 mods then god (9,n) =1

proof:ab -1 =nc for some integer

ab - xc =1

Itdgidcain), then ala and d In them,

& 11.50, d =1.

toshow thatif ablood and acelrod in they

b =cend a

b =b.1 =b.a.c =(b.a).C =1.c =cnodn


